Ion Exchange membrane technology (IEM) is a method that allowed a single extraction process and a single subsequent measurement of different elements that are available in soil. The values of the available forms of the different macroand micronutrients obtained by IEM extraction were compared with the values of the soluble form obtained by conventional extraction methods. In surface soil sample, the concentrations of available potassium, nitrate, phosphate, iron and boron were 37.7 mg·kg respectively.
Introduction
Soil is a diverse complex that can be defined as a mixture of minerals and organic materials, which are capable of supporting plant life [1, 2] . Soil contains 13 out of 16 different elements essential for plant growth [3] . However, only small amounts of nutrients are available for plants [4] . Nutrients become available through mineral weathering and through decomposition of organic matter into inorganic mineral which are absorbed by plants in the form of ions [2, 4, 5] . Traditionally, an assessment of the nutrient status in the soil requires a separate extraction and measurement process for most elements; this is costly process in terms of both time and labor [6] . In the last decades Ion exchange resin has been used to assess the availability of plant nutrients where anion and cation exchange resins are used in numerous ways in soil and plant analysis [7, 8] . The method simulates removing ions from soil by plant roots to prevent equilibrium of ions between the solid and the solution phases [9, 10] . A major problem in using bead resins is the difficulty in their separation from the soil following the extraction [9, 11] .
Ion exchange membrane technique (IEM) was developed as an alternative to chemical extraction methods to measure nutrients bioavailability [10, 11] . In addition to its simplicity, rapidness and accuracy compared to other existing methods, the technique was found to be highly suitable for soil testing because multi-element in soil can be tested [9, 11] . Other advantages of IEM include greater sensitivity to environmental conditions, the potential ability to mimic nutrient uptake by roots, no diffusion problem due to its flat structure and minimal disturbance to soil structure [12] . IEM involves disaggregation of soil by shaking in water during 15 minutes with a glass marble, the elements transfer from the soil to the AEM and CEM during a 16 hours shaking period, removing of the membrane from the soil, and finally extracting the elements from the membrane (elution). IEM extraction method allow single extraction process and a single subsequent measurement of the soil available nitrate, phosphate, sulfate by IC, calcium, magnesium, total phosphorous, and heavy metals by inductive coupled plasma (ICP), sodium and potassium by flame photometer, and ammonium by UV/ VIS.
Commercial anion exchange resin are generally found in the chloride (Cl -) ion form while cation resin are usually commercialized in the hydrogen (H + ) ion form [11] . The aim of this work is to use IEM technology for simultaneous determination of soluble and available forms of plant micro and macronutrients in surface and subsurface Palestinian soils. membrane (CEM) were provided by BDH (55164-2S and 55165-2U, respectively). Except where stated, all chemicals were of analytical reagent grade. Distilled water (18.2 MΩ·cm) was used for ion chromatography (IC) measurements.
Soil Samples
Soil samples were collected from two depths (0 -30 cm and 30 -60 cm) from the agricultural station, National Agriculture Research Center (NARC), Jericho, in the Jordan Valley in the eastern side of the West Bank. The dominant soil texture in Jericho is sandy loam [13] . The pH of the surface soil samples was measured after suspending the soil in water (1:1 w/v). The samples were air-dried and sieved using 0.3 mm sieve.
Extraction of Nutrients
Soil samples (10 g each) were transferred to 250-ml Erlenmeyer flask containing 100 ml of double distilled water. Each sample was shaken for 30 minutes at 100 rpm on a rotary shaker. The solution was filtered using Whatman #1 filter paper and the filtrate was then passed through 0.2 µm filters.
Extraction of Available Form of Nutrients
CEM and AEM sheets were cut into strips (2 × 6.25 cm). Two strips of CEM and another two strips of AEM were dipped in 250-ml Erlenmeyer flask containing 10 g of soil dissolved in 100 ml of distilled water (18.2 MΩ·cm). The flask was placed on shaker at 100 rpm for 16 h. Ions were then eluted by shaking the strips in 20 ml of 0.1 M HCl for 3 h at 100 rpm. The eluent was taken for ions instrumental measurements and the strips were regenerated in 100 ml sodium bicarbonate (0.5 M) on electronic shaker (2 hours, 100 rpm) and stored in deionized water prior to be reused.
Total Amount of Nutrients
The total amount of sodium, potassium, calcium, magnesium was determined by digesting soil sample using Microwave Accelerated Reaction System Model MARS 5. The soil (0.5 g) was suspended in 10 ml distilled water containing concentrated HNO 3 (5 ml), HF (4 ml), and HCl (1 ml) in digestion vessel. Digestion was done for 20 minutes at 210˚C. After that 30 ml of 30% boric acid were added to each vessel and the digestion was continued for 5 minutes at 210˚C.
Extractable Sodium and Potassium
Sodium and potassium were extracted according to the method of Richards 1954 [14] . Five grams of soil were suspended in 33 ml of ammonium acetate in 100 ml elementary flask and shacked for five minutes at 100 rpm. Extract was filtered through Whatman #1 filter paper and transferred to 100 ml volumetric flask. The volume of the extract was adjusted to 100 ml with ammonium acetate solution, and filtered by 0.2 µm filter [14] .
Instrumental Analysis
Soluble, available, extractable, and total potassium and sodium forms were measured using Jenway flame photometer (Clinical PFP7). The amount of potassium and sodium in mg·kg -1 was determined according to a calibration curve of potassium and sodium respectively. The VARIAN VISTA-Charged Coupled Device Axial simultaneous Inductively Coupled Plasma-Atomic Emission Spectrometer (VISTA CCD-AES) with concentric nebuliser was used for the analysis of soluble, available and total calcium, magnesium, phosphorous, and heavy metals. Anions including nitrate, sulfate, and phosphate were measured using ion exchange chromatography (IC) system (Dionex 500) consisting of GP50 gradient pump, ED 40 electrochemical detector, and anion self regenerating suppressor. The stationary phase was IonPac AS11-HC analytical column, 2 mm (P/N 52961) while the mobile phase was 30 mM hydroxide solution (BAKER ANA-LYZED Reagent) with constant flow at 0.38 ml·min -1 . Soluble and available ammonium was determined according to Berthelot analytical procedure [15, 16] using PERKIN ELMER UV/VIS Spectrophotometer. Untritronic-OR (Selecta P) thermostat was used as an electronic shaker. Soil pH was measured by 3310 JENWAY pH meter.
Results and Discussion
In past few decades, soil testing has been plagued by many problems that defy accuracy. These problems can be overcome using IEM methodology where the amount of recently nutrients that are available to the plants can be determined.
Macronutrients

Potassium
Potassium is an essential macronutrient for plant growth and development as well as for many plant functions [17, 18] . Testing potassium availability in soil plays the major role in estimating fertilization requirements. Potassium has four soil forms: solution, exchangeable, non-exchangeable, and mineral. The water soluble and exchangeable forms represent the available fraction of potassium. Whereas non exchangeable and mineral potassium forms are known to be slowly available unavailable [19] . Potassium availability is a complex situation; depletion of one form shifts the equilibrium between forms to replenish it (i.e.
Non-Exchangeable K ↔ Exchangeable K ↔ Soil Solution).
Potassium uptake by plants is governed by the rate of transport from the bulk soil to the root via diffusion [20] . It is expedient to measure a parameter that is closely related to diffusion. This might be achieved by measuring the concentration of soil potassium in the solution and exchangeable forms. Figure 1 shows the amount of potassium in soluble, exchangeable, extractable, and available forms measured in soil samples at 0 -30 and 30 -60 cm sub surfaces. Extractable potassium represents the available form which was measured by using ammonium acetate extraction method [14] . In some soils (e.g. calcareous) can be estimated as the sum of the soluble and exchangeable forms of potassium [21] . In this study the exchangeable potassium (29.3 mg·kg -1 ) was calculated from the difference between the extractable (36.3 mg·kg
) and the soluble (7 mg·kg -1 ) forms. Available potassium was measured using IEM extraction. The available potassium form reflects soluble and exchangeable forms. Our results showed that the available potassium which was measured using the IEM in surface and subsurface soil samples was 37.7 and 27.3 mg·kg -1 , respectively. The total potassium in both samples measured using flame photometer was 167 ± 2.7 and 172.4 ± 3.1 mg·kg -1 respectively.
Nitrogen
In terms of its requirement and management in the field, nitrogen is the most important nutrient for all crop plants [22] . The availability of nitrogen is closely associated with plant productivity [23, 24] . Nitrogen is used by plants in two forms, ammonium ( 4 -N) and nitrate ( 3 -N) [25] . Nitrate is the dominate form of mineral nitrogen available for plant use [26, 27] . The sum of the two forms constitutes the pool of plant-available nitrogen [21] . Several laboratory methods have been developed to assess nitrate availability. Most of these methods are insensitive to environmental factors that influence the soil nitrogen such as temperature and moisture [12] . IEM is a suitable alternative to overcome environmental sensitivity conditions. In the present work, both soluble and available forms of nitrate were extracted by IEM and measured by ion exchange chromatography (IC) using Dionex 500 system. Soluble and available forms of ammonium were measured colorimetrically using spectrophotometer. The amount of soluble and available nitrate and ammonium are given in Table 1 . Our results revealed that the available amount of nitrate and ammonium in both surface and subsurface soil were greater than that of the soluble amount. 
Phosphorous
The concentration of available form of phosphorous in soil is very low [21] . Determination of index of available phosphorous is still a matter of interest [25] . The pool of bioavailable phosphorous is indexed by extraction of a portion of labile pool of inorganic phosphorous using chemical extractants such as Bray 1, Mehlich 1 or 3, and Olsen's solution [10, 28] . In the present work, the available form of phosphate was tested ( Table 1 ). The amount of phosphate available, in surface and subsurface soils, which was measured using IC system was 3.6 mg·kg -1 and 2.9 mg·kg -1 respectively. The low values of phosphate indicate phosphorous deficiency. It is well known that phosphorous is considered deficient when the concentration of available form of phosphorous is less than 6.0 mg·kg -1 .
Sulfur
Sulfate is one of the most commonly monitored anions in soils and natural waters. In soil extracts, sulfate is a measure of the available sulfur status [29] . Sulfate is subjected to leaching due to its high solubility. Therefore, it is usually found at variable depths. Our data reveal that the available amount of sulfate is greater than that of the so-luble amount ( Table 1) .
Calcium and Magnesium
Calcium and magnesium are available as exchangeable cations (Ca 2+ and Mg 2+ ). The amount available of both elements is importantly related to mineral weathering and degree of leaching [30] .
In the present work the different fractions of calcium and magnesium were measured using ICP instrumental system. The available fractions of both calcium and magnesium, in the surface and subsurface soils, were greater than that of the soluble forms. Compared to calcium, magnesium is less strongly absorbed to cation exchange sites. Thus much less available magnesium exists in soils and magnesium deficiencies have been observed frequently. The total amounts in the surface and subsurface soils of calcium were 2142.0 ± 4.9 mg·kg -1 and 2120.0 ± 14.8 mg·kg -1 , respectively and the amounts of magnesium were 165.6 ± 1.6 mg·kg -1 and 160.9 ± 4.8 mg·kg -1 , respectively.
Micronutrients
The pH is a key factor that affects the availability of the micronutrient. Except for molybdenum, availability of micronutrients decreases at higher pH and increased soil calcareousness due to adsorption precipitation reactions [21, 31] . It was found that the pH of soil under investigation was around 8. In high acidic soils, there is a relative abundance of iron, manganese, zinc, and copper ions, which are considered to be toxic to plants. In the present work, IEM was used successfully to determine the amount (in µg·kg -1 ) of micronutrients cations including soluble and available forms of iron, manganese, cupper, and zinc in both surface and subsurface soils (Figure 2) . Cobalt cation was not detected in the soil under investigation. Our results indicated that the concentration of micronutrients in surface soils was lower than that in the subsurface soil samples (Figure 2) .
Unlike cations, micronutrient anions are quite different chemically, thus little similarity would be expected in their reaction with soil. Boron was measured efficiently by IEM. The soluble and available boron in surface soil samples was 1.9 ± 0.3 µg·kg -1 and 4.2 ± 0.3 µg·kg -1
, respectively, while soluble and available boron in subsurface soils was 1.7 ± 0.2 µg·kg -1 and 3.2 ± 0.1 µg·kg -1 , respectively. Results of the current work demonstrated that the concentration of boron is within acceptable range for plant growth. In fact, when soil boron levels are less than 0.5 µg·kg -1 , deficiency is likely to occur for most crops. However, toxicity may occur when boron levels are greater than 5.0 µg·kg -1 [21] . The total amounts of iron in surface and subsurface soils were 270.5 ± 1.8 and 265.1 ± 4.4 µg·kg -1 , and the concentrations of manganese were 4.8 ± 0.1 and 4.6 ± 0.1 µg·kg -1 respectively. Therefore, small fraction from the total amount of micronutrients is available to plants.
Sodium and Some Heavy Metals
The measured values of soluble, exchangeable, extractable, and available forms of sodium in surface and subsurface soil samples are given in Figure 3 . Extractable sodium (139.4 mg·kg -1 ) represents the available form which can be measured using ammonium acetate extraction method [14] , while exchangeable sodium (83 mg·kg -1 ) was calculated as the difference between the extractable and the soluble forms. Total soil sodium was determined using the conventional ammonium acetate extraction method ( Figure 3) . However, this fraction can be determined more accurately by IEM extraction method. Interestingly, the availability of heavy metals was predicted by applying the IEM (Figure 4) . Chromium was detected in surface and subsurface soils.
Conclusion
IEM method allowed a single extraction and a single subsequent measurement of the concentrations of the available forms of the different macro-and micro-nutrients. The assessment of plant available nutritional ions using IEM may be superior to the standard chemical extractions. The exchangeable quantity of nutrients, which can relatively easily mobilized or mineralized during the growing season, is included in IEM extraction. This leads to better evaluation of the exactly amount of the fertilizer needed for the growing crops. There are no significant differences between available potassium and sodium measured by IEM or that measured by the conventional ammonium acetate extraction. The available amounts of different ions in standard soil sample were measured using IEM extraction method, and the results are in good agreement with that measured by the conventional methods.
